A comparison of relay power minimisation subject to received signalto-noise ratio (SNR) at the receiver and SNR maximisation subject to the total transmitted power of relays for a typical wireless network with distributed beamforming is presented. It is desirable to maximise receiver quality-of-service (QoS) and also to minimise the cost of transmission in terms of power. Hence, these two optimisation problems are very common and have been addressed separately in the literature. It is shown that SNR maximisation subject to power constraint and power minimisation subject to SNR constraint yield the same results for a typical wireless network. It proves that either one of the optimisation approaches is sufficient.
Introduction: Distributed beamforming in cooperative communication is a well-known signal processing technique and a significant amount of work on performance optimisation of distributed beamforming in wireless networks has been reported in the literature. Commonly, either quality-of-service (QoS) of the receiver is optimised or the total transmitted power is minimised. Signal-to-noise ratio (SNR) will be a suitable performance measure of the receiver QoS, since it simultaneously maximises information capacity and minimises outage when the channel information is perfectly known at relays and the receiver [1] . On the other hand, the transmit power minimisation will be appropriate in efforts to enhance the network life time and energy costs. Even though the individual power constraints on cooperative relays are a more practical approach, the total transmit power is of primary concern from a network design perspective. Total power minimisation will also reduce the interference to other transmitter-receiver communication pairs. Although optimisation of these performance metrics has been studied intensively in the literature, a trade-off between them is yet to be investigated. SNR maximisation in distributed beamforming was considered in [2, 3] and power minimisation was analysed in [4, 5] . Reference [6] investigated both capacity maximisation (i.e. SNR maximisation) and power minimisation. However, simulation results for power against SNR were not shown and the trade-off between the different sets of results was not studied. In [7] , both the optimisation approaches were also considered separately, but the relationship between the obtained results was not analysed. Similarly, relay power minimisation and SNR maximisation for bidirectional transmission were considered individually in [8] .
In this Letter, we present a relationship between the power minimisation and SNR maximisation for a wireless network with distributed beamforming. Our results show that either one of the performance optimisation approaches can be used exclusively, since it would simultaneously achieve both objectives.
Optimisation approaches: The network model of one transmitter, one receiver and r relays shown in Fig. 1 was considered in [7] . Each node is equipped with a single antenna, with source-to-relay channel
T and relay-to-destination channel coeffi-
. For the half duplex mode, the total transmit power of relays was minimised while maintaining the SNR at the receiver above a predefined threshold, SNR min , for a fixed transmit power at the source. This optimisation can be written as follows [7] :
with w = [w 1 , w 2 , …, w r ] T being the relay weight vector. The matrix D is given by
where P 0 is the transmit power of the source. The correlation matrices are given by Q = s 2 r E gg
Fig. 1 Network model
On the other hand, SNR maximisation was analysed in [7] without considering power minimisation. The achievable maximum SNR subject to the total transmit power of relays, P T , was computed as
However, it is desirable to optimise both the received SNR and the transmit power to enhance the network performance. The trade-off between these distinct performance optimisation approaches is investigated in the following Section.
Simulation results: With 20 relays and 0 dBW of source transmit power, noise power at each relay and noise power at the receiver, the minimum total transmit power of relays was calculated for different values of the predefined SNR threshold. The network was modelled with independent fading channel coefficients f i and g i as b i = b i +b i , with a mean of b i and a zero mean random variableb i . The mean and variance of the channel coefficients β i can be written as
where β = f, g and c fi and c gi are independent random variables distributed uniformly in the interval of [0, 2π] and a −1 f and a
−1
g are the Rician K-factors which define the level of uncertainty in the source-relay and relay-destination channels, respectively [9] .
The minimum power of relays required to achieve the SNR threshold at the receiver was calculated for different values of α g and the results are shown in Fig. 2. Similarly, Fig. 3 shows the results for SNR maximisation for the same network. The results of Fig. 2 are also plotted by interchanging the graph axes and are shown as markers in Fig. 3 . It was found that the two sets of results show a high level of agreement. This illustrates the duality of the two approaches. For example, in order to obtain a received SNR threshold of 10 dB with α g = −20 dB, the minimum transmit power is 2.57 dBW (see Fig. 2 ). On the other hand, with 2.57 dBW transmit power of relays, the maximum achievable received SNR is 10 dB (see Fig. 3 ). 
